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Chapter 12

Approaches to Reinforce Crop
Productivity Under Rain-fed
Conditions in Sub-humid Environments
in Sub-Saharan Africa

Regis Chikowo, Shamie Zingore, Justice Nyamangara, Mateete Bekandla,
Jusephe Messina, and Sieglinde Snapp

Abhstract  Sniadlbalder firming in much of Seh-Ssharan Africa is ram-fed anid this
gnpaseil to rainfall varabilbity. Among the climale wariables. minfall is projecesd o
dectine amd have sn overrdeng effect an crop productivily. Wik linle |_||I-|_-.|_||-|u|-.i|_!,-
for suppleniemary arrigation For the majority of Farmers. o plausible stratecy 1o
maintain crop production usder waer-limited condisms meludes balanosd nurrienr
management for enhancing efficiency of use of Timited soil water. Co-upplicat fom of
judicious rases of organic o mineral nulrient rescerces, particularly including
the use off phospliorus (P cm P-lensied soils, will faceliame des claprnend of an
EXbEGivE CHop roling syslem for efficient explomion and Caplune of seil waler

espicially al a depth =008 m. Thas chapeer explorss case stuldies across Eastemn and
Southern Alrica where various sosl waler comservalson and nustries QR R
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apgmodn e s hae Becn weeeed e o ey mmles" woinhy limmieedd oy ailabbe soil wiler
Fimals, g ipprech s dksanbend ted sanes niaroeen 480 Pemilizer appliciiizm
Aupes gy scaeanis, P adpstmye B appliciaiion niies io mmich currend scassm

v fall tromls, The appnach offeors apporianiises Tor fanmers i increase crop

prlociiviey G =60 ha o in kigh agrepovesiul arees, compared 1o0a ceiling of .

Lirha  for the e Fenilization mode], whale minimicing econmmic lisses due
1k invessmenis i M femilizer dunng slrniigha yeors, ."\-.'l.'ll'll.ll:. we gkl with thae
subspeetl ol lernlizatumy acress noicedd griglicnis, whers 3 pus Qgrrisee N use
¢|"I'|;,'i|_'|1;,'!.- o <1tk 2 urain L:'g ! al appdied M s densonstsmed Tor soels with ik 4 5
organic carban, compared with =35 kg grain kg of N applicd whis soal oeganis
carbos =03 % Thirdly, the conservation agricalivre (CAj-nuimesd managomunl
nesus i enamined, whers emaiee yeekls i fommers fielids with T alone were '.'l.'.‘|.'|}
31 ha I compared W am average ol 251 hi ! fap 8 combined with fenilizers
Fourthly, a nowel sysiem thal invelves mlercrogming g Bgimes wilh Concrasting
phenolegy for enhanced cropping system funciiming 8 described, Fi
approach that can he used for co-bearning with farmers on wum| Fermilsty man:
primcaples For risk managemes is presenied. The daa lead 1o the comebasion than the
dispiled-up” legumess system resalis in redoced fertilizer reguirements foe cercal
IS pRovE o sSuenes, which henelits :.'il.'|l.‘| .-'!hl'li'.ll} oover e, Vassbie g of Y
‘emiliper acconding oo semson gualiy and moee tailored rgelng of ooinears e
wiinl for profiishle invesments in ferilizers in Afrca. The Alnca RISING projeo
in Faszem snd Southern Adrica is currently harmessing some of T principles o
vehicles for antensificatdin of smallhodder Farming syslems

Keywords Droughrs = Mutriem use efficiency « Soil nuiricnts « Water prodecnivity
+ Klnize

121 Iwtrodoction

Poor agriculioral gresductivigy inomach of Swh-Saharam Africa (5540 6 widely
limked 1o soils thal are inberenily nulnesm ielickam, |!i||'|:i|.'".-..|f|:-' [ mArQgeEn (el
arwd phisphonas (M. arsd wnrchiable saialall charscrenized by bl droughes and
Mouding conditivns | Mucvimaei 2000 1POC 2007 Companed fe eibes I-""'“*"r!:"f
waof il whese mgriculoiral gresn rewoluticns have beem simulated by wechamzmion
ard hzh Terilizer S5 sid| nubrienl Balamess remmam |-Jr!'-'ll"|:i II-.':__':IIi'--_' I':i'll'llll'-.:g
<l al. W7 The capisde amd uislizoisn ol mulricnes by oo has been poor, albeit
applaed i sall Goscs, largely due 1o nuirent imbalanges | o LTS
Efficezsa nutrient revovery by crops is o function of a muliitede of Goloes—
ideally im a halanced siaee Basssen 1958) Miogen Temalizers ore easily los
'“ﬂ..g_lhl‘ull leaching in light sestured soils durimg pericds of high micfull when
o Tirvees fine shaort (Cadisch el al, 2 Chikow e &1, 206030, Undar waber
h"l!]_'.i_\':ﬂ'l‘ll of nilrsnls From Tk seal 1 1B plang a5 camailed such thia any
g are nod wsed efliciemly. Conversely. Pavailability is oflen scutely
o Lluanimenn o iles, whach 15 coenmos i Eighly wesalkered anil

-

Plips DXl Severe nolmend SelcEdces on dimes plints o0 4 =ady sl Moechwa disino
Fmihabww

acidis ieapical ssils (ep.. Yanlousy ¢t al, 2002 Sancher ooal. 19975 These are
arreng e dillicull scsmarmos thal reseurce-comsirined smallhalifer firmers an 554
msr grappe wilh in e prodbection sysbems

Short-range spatkal varahility in soils commuonky exists within and among Cmns
duoe 1o locolked differences @ parenl material ambor memazement | Tinoesll
el al. 2005; Muembanengwe and Maplems 2005), with major implicaiions fo
wiler anid numresn uwsE elhicieney. Inomiosl cases, ekds thal are poor in N andfor P
will yiekl poor rstirns even when these nuinienis are amply supplied throsgh
Ferflilizers, a5 nureigs other than ¥ and P omay limit producton (Jansaen 1593
Wopereis ci al. JHHy Singoew g al. 2007 Therefore, any fenilizmion srazesy (ha
sirks oo i resomree wse elficiencies by Crops MUl PECODiSE [hed innpa sl
Pl o thes iinheresd sl dasting capacity of dilfereni soils i apply nuriems e
crops [PRanee 12,1 and 12.20. bnihe face of linaied exiemal resisarces. the [P [TRIT
0of Bow o effcamily larget the avuilable panrients on the forms s a conimusom .
Comdigioes becomes critical (Giller e al. 20063

A ey abjecting of this chiapeer is oo presenl nUErenn peikes meml apdicns im 554
Egncwmlvend ol the meseciabed nuirien s elRetrme=—a vial bep Fig mlentirying
CIOPPINE sy-boms or system compinents thal offer OpPoRUnies for Crop inesif

Gabon weeksr waler-limited comdingns. The |l.'-r|'-.'-.'r|::r|.-.' .,.|'._||||'h|'.|"-- oY Eo T R TTR [T
differen regmims of S5 i (Eluseraned |I'~i|l_." Cas slmdies Bor B ol ays Ton coop
productmm intensification and chimatic risk manageisesi

I Bainlall-responzive femibization sl pies
1. Fesilagation af spaiinally heseropgeidons farms wml duirienl s ciociemics

I, Conservution agriculiure sl wilensilicstion
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IV, Integrmtion of Souble-up legumes— does thar lead o more stable yiekls?
V. Co-leasnang mtrient and sk imasagement aptons with furmers

12.2  Approaches for Enhancing Crop Productivity
on Smallholder Farms in SSA

12.2.1 A Flexible N Fertilization Strategy Responsive
to Rainfall Season Quality

The ematc and wneven distribution of rnfal) makes wee of festilizers by small-
hodder farmers very risky. Farmers may be reluctam 1o apply full rates of fertilioers
i good rainfall seasans because of the risk of crop Lidure, and they may apply morne
festilezer thim bs justified by crop retums in drought years (Photo 12.3)

Nutremts soch as P and K are ssually apptied 100 % ai plastiog whide N s
partially applied at planting, and the remamder is applied as top-dressiog. Most N
top-<dressing recommendations given fo farmers are ngid and do not recogneze the

importance of soil-water interactions regarding N ferulizer use efficiency, There

fore, practcal meshods of applying proportionsd doses of Fenilizer dependent oa
the prevasling ramfall are reguired 1o optimaze fernlizer use elficiency To manage
variabde ranfall environments, Fika (1993} devised amil suceessfully tested a
flexible system of ferilization. in which theorctically optimum rtes of the
patricnts P. K, and S arc apphisd based om yield potential in an avernge rainfall
seasom, while natrogen i applicd ax a serics of portioned applications, odjusied

Photo 123 Dy spelis on wals with low waner 2okfing capacity s a majoe problom vwen for harndy
aghem, Waodza dintng, Zmbabee, Suck conditions redoce ferndizer use <Inoion

dJurimg the season wconking 10 the degree of witer stress observed. Thes system
optimizes resouree use cfficeency during good raimfall seasons, while ensuring
manimum wastape i case of deought due to the reduced fertilizer inputs. Piha
(1993) compared 1wo outrient management strategies that involved either:

LA fixed N applicaion e for specific agro-ccologies, in e with recommen
dations ponmally gaven to farmers by the exlension syslem, of

Il Ruinfall-vanad N top-dressing that was a function of gemeral agrowcology as
well as currene rainfall seasoa guality

For boih sysscrns, malze was supplied with a low dose of N at planting. i the form
of Compound Fortilicens thae also contained P, K, amd S The fixed N treastments
received additional N as amemonsam nitmte, in three egual postioas ot 4 6 and
3 weeks after emergenee to result m S0 kg N ha  and 92 kg N ha . for high and

o agro-potential arcos, respectively, The mindall-vaned resments received varn-
able amounts of ammoninm nitrste on the same dares (0, 17, 3 or k2 Nha "1ora
hagh agro-posestial area, or €, 17, or 34 kg N ha e a bow agro-potentil areal,
resulting in variuble top-cressing N being appbed st O 100 kg Nha - for low potestial
aneas and 0-150 ke N ha ' foe high potennial areus, respectively (luble 12.1)

This flexible system of femilization, in wheth optinsam falss ol P K, axl S

i

fertilizers aze basally applied based on yield potentinl in an averase rainfall season
while N as applaed as a seoes of pomiosed appdications amd adyasted according o the
cevedving rainfall pattern in any one season, results im moee ellicient maras prodes
oon (g, 12.1) Treals over a S-year penod on farmers” Belds resoltad o 2542 ¢
greater ywekl and 211 5% e prodit than o msodel Based oo sxishing Tatihines

recommendations (Piha 15993), These results are signaficant in that they connem
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Fig. 121 Effccts of N, P. K. oo 5 applicaiion simtegy on moice proaluctisity for datk 2 high
spro-potestisl e and 1) 3 ke ggre-poiestial site in cemnal Simbabes (opnithei ol besed
als Frost Fiha 1900 Verkeay bovs represans 150

preluctive and prolitshle agriculban: is possiole on poad soils, and in semi-arid
commlitions, with the mdiciows use of inorganic fertilizers when smilegicaily correct
iiming amd quantilties e followsd, The fertilization siralegy optimizes N owse
efficiency daring geod ranfall stasces, while ensering minsmem lsses in case of
drougha as farther N top-dnessings are withbekl under sub-optineal soal moisiure,

1222 Fertilization of Spatially Heterogeneous
Farms and Nutrient Use Efficiencies

My sl fholder Famns are known 8o be sptially helerogeneous i bemms of sol
yuality; therefore. responss B oagpleld slents vires considerably ocross Helds
(Prodensie 1993 Manday of al, 3002; Masvaya & &l 2000, Howeser, [erilizer

L

12 ppmanmcbas b Homloree § oyt P e e Lindyr Bai-td Diokdaasie 2L

reviennsmlaligs comeilly ageesssl By sl hiskler mvers warely retdesn thiesc
st ol ar Bl v cismaniigain ol soal rescasce ase Feoriboeencils
JFuar 1_"«_?_1||F-||_'_ m dambabac, ferilser evomimndmrlativens e [ilked o HALT
coudpgscal wones ihat ame prncipally delincaied bassdl o snfall, despite the
short-nunge. wide variabaling kmvan o exist im0 sails within he agreccolegcical
auns (Meube e al, JHE: Fogare er al, J0TE Dilferences in muirico respane
miagemend by Garmers, which s vsually a Tuetion of vesourcs endos me sl
prefereniial application of nutrieni inputs to fields close 1o the bomesicads. has
aften necenmied varability o seil Teniliny, creming gradiemis of Femiliny across
lietcls sl Farms Ifl'l-'lia-rlllliuu'ug'ﬁl:'mIM:lpl'lllmr SUS e o all WL Tkl
et al. W31 Shon renpe spalial vanishilily in soils also exisis within and acroes
famas dee 1o dhe infereni propenies of seils. This spatial vanabilisy in <oils on
smuallholder farmimg sysiems hos lorgely been invialized when desipning wechnog-
lomical imserventions, yet in is widely assened thoi variabuliny of sl femiliny sahm
Farvend geoses o mapw challemgs fr eftichent ase of resources Tor imcmeasel LA
prevluctiviy {Wopereis el al. JRHE Ainpeae e al. JHRE Explicitly recogim ey that
Farmmers deal sl a vanghle sl resouree Base s immperiamd Fon (e Femsalalie ol
nuimeni managemont sirategies hl enhance efhicient uss of nulrsml wsaurces on
Farrees [lansscn o al PRMHEL, Consslenng fhatl TermhEer sesomnées are scarce, o
crical than lertilizanon megemes b edered 10 1he moghysscal envigmments al
sicio-ceoncenic stalus of femers w0 optimize use efficeney, Whea folust il
fertaliny indscarcrs ane known, il i possibls o wse them o balor fermlizen applica-
ton sirmegies for dillerent ciroumstiences, allaing an informed appooach tha
leads i improved e syseem Denctionimg (lanssen er al, |HAL Fhapore
e ol 2000; Mandwa BH ). bnothes ssdy, soil orgamic corben (900 B proposesd
i ber & robust indicator for sodl Femibiny samus that can possntially b used de pagides
resoiree use eficiencies under & ramgps of MBNGEEMEnE refimes

Im arder vo bester wndersaand b mluence of SO0 o0 siirient wse cfheicincies an
pramilne samds, 130 smallholler forms i Weilzn disbmcr, Easksim Sombuilbae, weps
firsy !-I.I'I"l'l!jllld for S0OC condeni, resslisng = caleporiealzon that pecommeed e
disgine) field 1ypes (domains:

1. Ficld Type I: fiehds with <04 5% S0C—(ehls thal Ba: boen paaly manacal
arl havve a history of pocr yekls
1. Faehl Type I: fields winth =046 5 500 - fiebds thai have received orzanic
amendmesns inlermigiently
NI Feehd Type 3: fielis wh =006 % S0C—a small proporsm of Bebds i v o
history of poosd management, inchsding use of coguse manures and mneral
lertilicizrs, wilh ckay comlent penerally =05% 5%

Withan each of the three Field Types (dopmansy, febd sites were idenitied for
ERpetimenlatim during fwe consecutive croppang seasons, All sies wene sinilei-
cally located withen a 2 ki radius o eliminzie possible confiunding effects duy o
differences i rainfall, Because smibial wariabality i ramfall s Loivan e be hish
{Tabie 12.2), The experimemul rearments were fomulkated vsang widely available
Tenifizer memourcrs ax falloss;
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iy Conimod (noe palricots added)

(iay MK {muriate of potash amd smivanizm nimmale)
iy WP% (single super phosphine + ammonium sairaie)
fiw) PES (sinzle super phosphate + musiaee of potash], and
(w1 MPES fcompoumd Fertiliger + s manism nilrie)

Across oll sites, the tarpet nutrien spplication rates for Year | were d0kgha ' P,
Bibkg b~ ' K. and 120kg ha " M, Daring Year 2, the target N application rale was
maintained while only 20 kg P and 30 kg K were re-applicd. Pracaically, N appli-
cation was deemed a fanction of ranfall, with a mandaicey wnitial application of
2 kg ha ' W 21 planiing and two suhsequent applications of 30 kg ha " B iF sl
maistare permitted. With this rule, only 70 kg ha™" was applied for bath seasans,
dise o termanal seasom drowghis that necessitated withholding the second N lop
dressing application of 50 kg ha~', High sairient application rates for Pasd K were
used, compared with prevalem rmies commonly used by famwers, 1o crable deler-
eination of sininable yields for the shree soil fenility domaiss when all ather
variables were maintained the same, inchuding rainfall. Al the P, K, and 5 were
applied m planing, os compound ferilizer, single super phasphats, or manale of
mash (KRCT) lenilizer, o

Thuse experiments showed thas M, F, and K agrosomic we cfficiencies were
primarily influenced by trearment 3nd SOC beveds (Table 1234 Fenilization with
MNPKS and NPS produced the highest N agronomic efficiency [AEy) acnoss siles,
ranging from |60 378 kg prain kg ' M, whersas the MK treatment hinl 2m AEw
range of 1.7-20 kg grain kg ' N applicd scross all sites. Agroncenic elficiencies
were always lowest for the Feehd Type | donsaan while AEs, were farger bt nod
significantly differemt between Field Types 2 and 3 The AEy for the N5 amd
NPES treatisents were alsi comparable for Fiehd Types T and 3, mnging beracen
2K mnil 67 kg grain ki-g VP for e NPS and MPES treatmenis, -.u_ut'-p-l:n:llm a paliry
{1514 Ly grain kg ' P agplied for the PRS ireatment. Application of K had & very
sl inigract b yiek) s all the lekl types with the largest AEy < 1 kg grain
kp " K applicd (daa n shownh Recovery elficiencies (RE) followed the same
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trend. with o low REy for Field Type | compared 1o Field Types 2 and J
(Table LZ3BE o mamy cases, REy al kast dowbled when P owas co-applied. in
0ne case, the REp wus os litde as 1 % for the PECS treatmaem, increasing remearkably
1030 % when boah N and 1P were applied. Agai, ihe REg were msignilicung s
Al sites, and thesy resulls are nod reponed,

Wields for both MK and PES treamiens were puor acroes sites as ndscated by
ko water productividy values for e thice fields represestine the threy Fiekl Types
(Fig. 12.2}, confinming these macronutrsents as the most erivical. In many cases, mo
Gfferences exissed in yields between the contral amd the PKS treamient, despise
flatively high applicaizon mies of #h kg ha ' P asd 60 kg ba ' KL Yl negunse
weis oy realized when N was added. These nesalls represent o classic example of
fhe lase o the mast Bimdeng nutrient snd crop gprowth and e indispensible need for
balanced nuirem spplicsition. This is comparuble 10 Feslis frm West Adrica,
where significant impevwements in REy were observed ugen s s appli-
itw of N and P (Fofang o al. 20050 Ofen., smallhslder farmers han: e d g
Sustain bow miize prodection levels by managing soil fertiliay thenuch applicaison
of ﬂ.l:l-'ﬂllhiﬂﬂliﬂl'l of small guasnitivs of livesiock munure, comngEnl il spregiling
Eanent-rech soals From anthills arosmd the crop fekls. Alibaugh the e nd ri on
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of nulmients in (hese resources s low, the few macro- and microsuiricnts that
hecome available avert scute nutrent deliciencies. making prodiction of base
vields possible. )
Respunse b0 Fertilizers i o functson of the cumemt sate of ol ferrility, with
scutely degroged fields reapinding pocrty 10 nustrient achlitiose § Ko 240 Tinanell
ol al. 2005 Fingese er ol 2007, The lomg-tleem ook of adeguabe el aml
ey grient resources has led 1w the expansion of Behls tha (Il wnder Field
Towpe 1, a [arners pq-rr._-rum'qll]n allewate The lamissd nuresn resources o a few
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spnlic Biglibs, Thes neplictes] Giclibs g Wan grepgssl witlwsal o esfer sl isanici
snpuls, grnkally bogoaneng euFogsicd ol oobesis opd cemrsninbing by e
il Resmsilating thaese ficlds fe prodifable crop prosducism becianes s ohailvnge
is they charmcleriegivally respond poorly o Fertilioers when by hovoniee o ailibbe,
Ciiller e al. 1 20K suggesied 1t caher nrienzs ormical o moise sioosb shoald he
appdicd 1 enoble erster espossiveness 1 Mol B Studics Bove shooson b (or
heprislial sills nath poiw nesponae o Berilizer the process of seal nebabili g
can e kack-staried with whfiisons of livessowk monoee (8impone o ul. JHT e The
feasibiling of ssch lmervemioas 15 however, domiful due o the resouree cone
sl facesl By senallbolder Smers.

1223 Conservation Agricilture and Intensification

Lvservalivn agriculiurs (Al hin Been widely promeded im 554 us o possable
solanion 1 codral sl enosion md degradkation in smallhelder arable e lds § Buyala
et sl 2012 Hagghlmbe amed Tembo 2003 Maroegee el al. 200 1: Lomar e sl X100,
which s Largely anribied Lo conventsmal Hillage w=ing the modildbaand ploash,
Comservation agricullure s delimed by the Food and Agriculivre Ovgamizaiion
(FADY comsiziz of thaee principles: 10 mmimal soil distarbasce. (il mainienance
of ar least M) % permanent organic wwlel om the soil sefoce, and i) o diversified
cropping system. Reduced nilage (RTh i by Fir the principle idopied by the larges
ramber of smallholder farmers and practices range from hand-hee dug plaming
tasins wr planimg furmows openad usmne oa-dmown or macior draen rippers
(Myumangans et ol ML The maintersance of ol least 30 % permanem orzanic
rulch o the soil surface is the les) whoped principle. due o a combination of low
crap yeekls (less than | wha) and competing claims o residue use on the farmes,
Prisnarily For livesiock feed dusing ihe dry seasom when grasing is limited aml of
P qquality (Criller e 2l MM,

Conservation agriculiare has had dramatic effects in terms of reducing soll
envion ant runodf bail has been incomsisient in tenms of increasing erp prodign-
vity largely due bo inheresa o declinang soal festiliny, Mdhbavi €1 81, 1200 35 iepoad
3T more maine grain yield under conservasion agrculiuse compared 1o con-
ventional tillage in Zimbubewe, bat nossd thot high labor and Tertilizer demanis
N comsenvalion agrceliene presemt problems m adopisan among=1 sesaine-
comsinned e Inoa comipilation ol 23 repors, Wall e sl (3003 eponed
3_"':' ':5. higher crop yvields ender comservition sercshure compancd o ith oo en-
ol 1illage, but the rode of fertidization was mon cleasty defimed. Giller of ol X008
Mred thar the empincal evidence i< ool clear sl b moonsisen) reganling ik
cogribatioms of conservaiion agriculoun: to yiebd pains cotqased walls comeesisinil
ﬁ|hgt.ﬂ}ug:|||ll'l:ll:|':"'-'ﬂlmpl.'-rltd ihit the perfonmamce ol comeserliomg apricalion
relative s existing khsologics is highly vasable and depondent on site ol fimses
Charactemsiics.
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Fig, 12} Ploiee prain vichl usder comeentional lillage 1T anal rnlundl.nglm_m'f:rh"q e
3011/ croppeng sesaom <n 3 sandy @il m the Malogos Research Station, Zimbatwe, Sars
proseni wearadand ervors of veo dilferene of e meane
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An expermment at the Malogod Research Station in 2 semi-anid part of Zimbabee
demosstrmied that maize grain yackls were significantly Jower under nedwced tillage
andy (RT), RT # mulch, and RT+mubch » rotation (all three CA principhes) com:
pared with comvertional Gllage (CTh bat yiekds wene similar bbwieen BT + fotution
ino mealch) and €1 (Fig. 12.3). Mineral fenilizer was appleed wo bath RT and CT
preaiments. The stisdies sppear to indicae the need bo target Emnlul.i-!.m miricul-
Ture promotion acceshing 0 ACCSSS W NUIrl esources, Grop Type. si| Lype nnd
rafall smoune and distrbution §i is also clear that benelits from reduced tillsge
will pao b renliced imothe <had s, o

Approgriase use of fenilizer has been suggesied as the founh principhe af
conservalion agnculiare im S3A in onder W increase e likelihomnl of |':-E1'I:ﬁ.I: fior
wnallbolder Farmers [ Vanlouwe et al. 2004, On-farm survey nesalls from Zimba-
brwe novoms several Farms sronghy suggest st approprie feriilizaton 15 critkcal fos
berefils o conssraalion sgicaliane i b rolied inosoils tha are alreauky pc
{Tabe 1241, A meta-mnalysis of major long enn conservation agrivulire wrial=
complucied worklwide imlscated thal grain yield was pesaive uben rnm:rul. M
[entilizer wis applicd at rates grester than 100 kg N ha ! I.Fl!u.tl'!ﬂ'nl'u_'l.ll..-n
1 al. 00 1s The pesforrance of conservation agrecsliure unider semi-arid cosdic
fimis is enhanced by the sddition of small amoesis of N fertilizer aed catils
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Fig. 124 Dowbleal-up sheabhy legumes offer meltiple seraioes inyropping sysoms as eom el
& meresubiere prachices, + F e with Tertdusr i 6adified i Seopp <1 al. o

manure— ke micro-Gosing  principle, These stidies lluserte the pivotal role
al vptinal applicaticon ol morienia in enhimcinig crop viekl under conservieon
agmicullure as oppesed 10 inBeTpeCling constrelion agncultire a5 d sibver bullet
an s own. ’

12.2.4 Intercropping Legpumes: The Doubled-Up Cropping
Kystem

Growing 1w of more crops simulianemsly in the sume space—known us
inber-crappne—is a strabegy empboyed s max o e PeneBcial ieractioes whibke
minimizing competiiion, 'Where inter-specific compatitim Tor resourae: |nuknienls,
lighi, water) is minimal due iothe conpanson crogrs aooapying dilTerenn scolesal
niches and thus gromeng in o complememary MAnner. dilercroppeng o Kiown o
iepease bandiveraly, “ability, amd financial diversification o farnies 1 Srapp
e al. Hildk Fig. 1245 The doubledoup legume cropphng amangement imvidves
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pathway that stabilizes he vields of ceneal criys Eroswn in s |.-.'_'||.:|| sedluced
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1225  Co-learming Nutrient and Kisk Management
Oprions with Farmers

Senallbalder Tarmers in 534 have developid o risk farmEnEg managenkenl proc:
lbcas i an effon o ensurg that teeir swisissence food needs ae Iﬁ.\.'l Hivwever,
Farmers’ pragtices are krpely sub-optimal sven undur I:l'-l-.lr.ll.'-l-.' climetic condi-
Lo, beeuse they ame Biced wiih multiple biophysical sl SoCI0-ecHE0IC sIpmses
thai are now ewacerhated by lncreased rainfall variability, Evidence fegen empirical
ressarch milicmes thii il is poesible for Frmeers o igcreess manz yiclils I'|_|:n-. 12
curren < | 1ha o =% ha L .||1|:r|-pmrqh-..'llu-r-lr:._--._-x.u-.*Jd-.-p:-.'-:l-u'-dr'.nlu_‘.'illl 15
mlequale. Recognizing that snstsnable soluions thoubd be embedded within I|':I=
cinimuanitics, il 15 hypoihesized s valnerabilny o Founl shorinees couldd he partly
addressed if a sigmifecant proponsen of famsee 0 noiee-based farming 1':"'-h-"'-llllsl.
sicully taikired their practives, Among oiher elements, such prch o "'-"'-""".l
emphry drougha ioleranl mzize vasslice, QEPIUTTAE FESpamise 1o ..|||'.|':|I..--=.;:J.I1
lypilogivs by timely planting, asd inlegraed soil fenility management ILT'H' II:;:
TR |-|-,|,I|||,I:-.||1 al h:gh vielis in [aworable szaseits and reven m s bl
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A F-vear siwly was condisceed with six smallkolder faming commpumitics
Esaem Fimbabvwe o devebop crop producien sarafezics hal omson: high agro-
ke eitbcsency mnd concurmenily respond (o the smenzing challenpes o iforeass]
clinmare vamahiling., Agronomic practices were desigred e provide answers W
problems reloied o three rainfall season oy podogics Thal wers reslily akantaliel by
farmers

I [ '.1_'.||i||!: seqsons e are associabed with crop viehl boeass Cue e delayvel
planting {lale start of the rmindall seasoni,
I, Cropping seasons that experience excessive mins sy in the sciuam elhsmel
b alraughd, resuling im poor yields For carly plamted Crops, and
il Cropping =easomes wilh marked wichineszasom dry spells. with provailing cos-
tidivens durimge the sensitive vegeltive stages having the overriding eifect oo
vrop productivily

Famners prioriiized combining morgsmic lenilizers md locally avnilahle vegang
MEsIrce s Wi mpeoy e sivd proalisznyvy s ‘grynies o (hifferenl moree voarsemss il
""-‘-':;.'.'I.‘.I ity Jakess [of mmEe g ol o ancmease miise prsluociialy ad
supultancisly speeiwl nsk Farmers im different resonrce emilos micn cilesimes

tlicasscl thear prelerrsd ralcs of lerilizers and orsanéc resoirces which s
suiledl circunitonees, 4 [ of et lin—best ‘.'-.'l:.h-.l-n.ll.-.m--u iTubde 125
Mitambingigwae aml Mopfume 200550 Heterogeneity of Tamaine haselolibs is an
inlerent ciHipEienl ol sialllaalder comsmuomiees. calling i Belter Girgeninge

Bechsshnies, s Fanvers ve diffeneiin cupms mics 1o ikvest ai <ol Pty meplen
shiikeni gir maienamee (Criller o gl 1001 "'\'f-..;_'!_l._'h'.l plaaviing il ._I'. id ihme
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Fig. 13,8 wean maire gro yiekly acnis experineatad sikes with early, ammal, and late planing
of thrie figalze varieiics af [a3 high maran e leels comesponding o namce erabiveesd Farmess,
RE1 and (B swhen medsm nusic applicaion mies were med comespending 10 irme T
frarveer messmee groeg B0 2 Verskesd dars ane 150

maize warigles wos agreed upen 5 o vioble wpasegy to spread aed oanage
clinase-reluted sk During comemunaty workshogs, farmers n:uﬂr-;n'-el_::- deiized
planting windoes s (il early planting—befare and wp o 25 Nosember, 0] nosmmal
planting—26 Ngvember to 13 Decenber, and i) late planiing—16 “dl:fm!:':f o
41 December. Planting beyomd vear-cnd was considered woo late for maize m
Sourhern Africa because the minfall normally sails-off by mid April. lm_iln; this
bowr risky For maize varietics that require 4 msontbes of development fe I.mjlﬂl:!h'ﬂ.:ul'll
muturity. Actunl planting dates depended on soil maisture availability within g8
of the planting windows, but seccessive planting evenls were & least 2 weeks pat.
The shady rewealed subsiantial variahility i performasce (F maize vaneties
orass sensons and sites due io excessive rains of proloaged dry spedls un[d}'b!:l_'ﬂﬂd
during the experimentation period. However, il 18 clear thal ise |.'I wummm
of kocally availuble orgamic suirient Fesmarces. and E'Eltmiﬂl fertilizers prov -
am opponunity 1o prodece yiells mnging from 310 71 ka © when planging »
compleisd during the 2urly ard prmial planting wimdows (Fig. 12,50 Lae planting
wns wewscimed with large yhekl pemalties. imespective al ihe mile -.:ll' nulyred
application. Despiie the mescasel climmate variabilivy, the analyses indicatad ihiit
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s Teasible fo slabalies Tkl avinlabiliny an & conemunes ol (L1 B TR T
AFE -_'|:1|1||'n.'|_'|,l W increasss prosiectioe of S crepe, cspecialls sy Lavaesably
wedsnns. creating safel-mets than bubfer commeniiics aganst fufure Bl sacieoos
Peveipiment al Crp il sl Ferifily meenddsmidin opiaans hiicel ann rainefiil ] ~casam
Pyl s tderifiead |_'r_|. Farmoers s o oF e sloegics it wsrtiled erbiares 1w
.\_.dl_'uL'il_:.' ul smalllklers we increzss crop presluctivity il ensare sl sgil-
sufliciency against a changimge clivng

123 Conclusions

Cropping sdlems inmuch of 554 are unctioning seb-apamally, Dut approsches
gxist thal can help 16 peduce the yield gaps and ensure Tood socosity. cven wiiis
wurinble mimfal] el Approprate mrgeting of nutrien) nesoorees b field
pypes that vary widely in =oil Feailbity can be ensployed by furmers o neinkin
miches of high crop proadustiviny tha muffer pverali farm production i an unceriain
givearanment. Nilrogen s ane of e mos) lineikng nuseees o ceresl producion,
and s varisble use in o mannce pespansive o minfall seasan quality woukl
eisure s profrable ubilzatien amd mismaze losses during droasght seasons. The
field experience geincd inthis sescanch also sugpests thal tbe “doshled.op” legumes
system resulls in meduced femiliper requarements for cersal crops grown in
seqquenae, and crop viehd slabiliny benefits aver time.
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